The thermophysical properties of silicate plastic foams based on organosilicon binder polydimethylsiloxane were investigated. Hollow glass microspheres were used as the filler. The temperature dependences of thermal conductivity, specific heat, and coefficient of linear thermal expansion of the syntactic plastic foams were established.
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Summary
The thermophysical properties of silicate plastic foams based on organosilicon binder polydimethylsiloxane were investigated. Hollow glass microspheres were used as the filler. The temperature dependences of thermal conductivity, specific heat, and coefficient of linear thermal expansion of the syntactic plastic foams were established.
At present, in all industrially developed countries, wide use is made of spheroplastics. Among the varieties of spheroplastics are syntactic plastic foams (SPFs), which are composite materials where hollow microspheres are held together by the polymer binder [1, 2] . Owing to the presence of gas phase, they are characterised by reduced thermal conductivity and occupy an important place in the development of new heat-insulation structural materials. The presence of hollow particles ensures low density, increased strength, and a reduced coefficient of thermal expansion. The choice of binder also in many ways determines the physicomechanical and thermophysical properties of syntactic plastic foams. At present, a great deal of attention is being paid to organosilicon binders, including binders with terminal hydroxyl groups, in view of their high thermal stability and ecofriendliness and the possibility of crosslinking at room temperatures [3] .
In previously published studies [4, 5] , the physicomechanical properties of SPFs based on organosilicon binder polydimethylsiloxane (PDMS) and hollow glass spheres were examined. The aim of this work is to investigate the thermophysical characteristics of the developed syntactic plastic foams.
The binder used was a low-molecular-weight dimethylsiloxane rubber of grade SKTN-A, which is an organosilicon oligomer with terminal hydroxyl groups, is non-toxic, and is noted for stable characteristics in a wide temperature range (from −60 to 300°C), and here the Si-O bond in polydimethylsiloxane (PDMS) has great freedom of movement and sufficient strength (117 kcal/ mol). Curing of the oligomer was carried out with catalyst K-18, which is a mixture of tin diethyldicaprylate and tetraethoxysilane. SPF specimens with a binder content of up to 50 vol.% were obtained by mixing of a prescribed amount of binder and catalyst, the subsequent addition of filler, the moulding of specimens under a pressure of 0.3 MPa, and subsequent curing at room temperature for 72 h. The filler employed consisted of hollow glass microspheres MS-A9 of group A1 (TU 6-48-108-94), which are inert, spherical particles filled with air, with an average particle size of 30-40 µm.
The thermal conductivity was determined in a dynamic regime according to GOST 23630.2-79 on an IT-λ-400 instrument, the specific heat according to GOST 23630.1-79 on an IT-S-400 instrument, and the coefficient of linear thermal expansion (CLTE) according to GOST 15173-70.
The thermophysical properties of SPFs are determined by the ratio of binder and filler, and also their nature. The thermal conductivity of composite materials consisting of several components can be found using the following relationship [6] :
where λ is the thermal conductivity of the multicomponent material, λ b and λ f are the thermal conductivities of the first and second components, and ϕ is the volume fraction of filler. On the whole, the calculated and experimental data are fairly similar. Figure 1 shows the temperature dependences of syntactic plastic foams with different binder contents.
The increased thermal conductivity (curve 1) of the organosilicon elastomer by comparison with similar organic materials is due to the high flexibility of the macromolecule, connected with low intermolecular interaction of the silicone chains. The high flexibility of the macromolecules also leads to a negative dependence of the thermal conductivity on temperature by comparison with binders having a rigid structure. With a volume content of PDMS of 50%, the thermal conductivity does not depend on temperature (curve 3). However, with reduction in the volume fraction of PDMS to 10%, with the expected reduction in heat-conduction characteristics to 0.12 W/m K on account of increase in the gas phase in the SPF, there is an increase in the temperature dependence of thermal conductivity in connection with the predominant influence of the glass filler possessing the traditional positive temperature dependence (curve 4).
The specific heat of SPF with binder PDMS, as in the previous case, is determined largely by the ratio of components. The high specific heat of pure PDMS (curve 1) is due to the significant mobility of segments of the polymer macromolecules and the low intermolecular interaction. The same applies to composites with a high PDMS content (curves 2 and 3) . As the specific heat of PDMS is significantly higher than the specific heat of glass, reduction in the volume fraction of binder to 10% in the SPF leads to a reduction in the specific heat to a minimum value of 1050 J/kg K.
The specific heat of substances is determined by the degree of freedom of the molecules. With increase in temperature, the mobility of the molecules of the components increases, and the specific heat of the SPF increases accordingly (Figure 2) , especially for composites with a high polyorganosiloxane content.
On the whole, account must be taken of the fact that the increased specific heat of the composite promotes a reduction in the heat transfer coefficient, which generally will improve the heat-insulation properties of the SPF.
The role of the CLTE for composite materials is great, given that even small differences in CLTE of the components of the material lead to the emergence of stresses, which can lead to the formation of microcracks and partial failure. Accordingly, at the next stage of the work, investigations were carried out to determine the CLTE of SPF as a function of the binder content and the external temperature.
The CLTE is influenced largely by the volume fraction of PDMS in the SPF (Figure 3) .
The high CLTE of PDMS is generally characteristic of many flexible-chain polymers. With reduction in the binder content, irrespective of the dependence on external temperature, there is a reduction in the CLTE through the predominance of the glass phase in the composite (curves 1 and 2). With a volume content of binder of 10%, the CLTE values decrease by an order of magnitude by comparison with unfilled PDMS. Here, it is possible to achieve the necessary CLTE values by controlling the filler-binder ratio. This is extremely important in the case of the use of SPF for composite coatings and the filling of sandwich structures, where significant differences in CLTE values may lead to deformation, and occasionally to failure of the heat insulation.
Thus, the conducted investigations have shown the real possibility of creating SPFs based on binder PDMS with good heat-insulation characteristics. Owing to high thermal stability up to 250°C and resistance to most external corrosive factors, the developed syntactic plastic foams can be used in the production of heat-insulation fillers for lightweight sandwich panels and heat-insulation materials and coatings for the aerospace industry, the motor industry, shipbuilding, engineering, construction, and other sectors of industry.
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